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Abstract 
Objective: To identify the prevalence of dental fluorosis in Kingdom of Saudi Arabia. Material and 
Methods: Literature search for the present study aimed to include all the relevant studies conducted in 
Saudi Arabia that reported prevalence of dental fluorosis. A literature search was done using keywords 
(dental, fluorosis, prevalence) using three databases (Scopus, PubMed, and Web of Science). Grey literature 
was also searched using Google Scholar and research gate. Literature was searched from 1939 till April 
2020. The risk of bias was reported using JBI Critical Appraisal Checklist for Studies Reporting Prevalence Data. 
Twelve studies were included based on inclusive criteria. The only inclusive criteria were studies that were 
conducted among people living in Saudi Arabia, and studies that reported the prevalence of dental fluorosis. 
Samples from all age groups that reported prevalence of dental fluorosis were included. MedCalc statistical 
software was used to perform the analysis. Results: The overall prevalence of dental fluorosis was found to 
be 46.52%, 95 CI (26.52% to 67.12%). I2 value was reported 99.8%, 95 CI (99.78% to 99.83%), indicating 
high heterogeneity amongst the finding of studies. Funnel plots indicate the presence of a strong 
publication bias. Overall, we found some contrasting findings. One study reported prevalence of dental 
fluorosis as 0% and other with a comparatively large sample size found dental fluorosis to be 90.6%. 
Conclusion: The present study adds to the literature regarding dental fluorosis in Saudi Arabia by 
providing an overview of its prevalence. It is concluded that prevalence of dental fluorosis was a bit high. 
However, findings indicate publication bias. We did not account for severity of dental fluorosis. All the 
available data was analyzed to measure dental fluorosis prevalence without considering the sample size and 
sampling technique. 
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Introduction 
Dental fluorosis is quite abundant in various populations around the globe. For certain geographical 
regions, mostly the hilly areas, it is quite common and considered as a substantial dental public health problem 
[1]. It is a development disorder that occurs during the stage of tooth formation because of excessive fluoride 
exposure. It decreases the mineral content of dental enamel by creating porosity [2], which in return can 
brittle the enamel surface, making it susceptible to break. 
There are other related risk factors for dental fluorosis, such as consumption of diet rich in fluoride, 
which can be termed under individual susceptibility; besides, renal insufficiency is also associated with dental 
fluorosis [3]. One of the most significant complications linked with excessive fluoride is esthetic changes to 
dental enamel. It is quite common among children highly exposed to extreme fluoride levels during 2-3 years 
of age [4]. Interestingly, it seems that dental fluorosis in on the raise not only in area rich in fluoride but also 
in many non-fluoridated regions [5]. 
As per available data from various studies conducted in Kingdom from 1997 onwards, it can be said 
that dental fluorosis is amply present in Saudi Arabian population. Numerous studies reported prevalence of 
dental fluorosis in Saudi Arabia differently at separate times in the same region. It was noticed that dental 
fluorosis prevalence varies greatly at various times and in several regions [6]. 
However, to our best knowledge till date, there exists no study, which provides an estimate of 
prevalence of dental fluorosis in Kingdom in terms of proportion. The present study was planned to answer 
this question. This meta-analysis will provide the first of its kind of study in Kingdom population, which will 
provide valuable data for policymakers to made guidelines concerns to controlling dental fluorosis in Saudi 
Arabia. 
 
Material and Methods 
Search Strategy 
The studies used in this meta-analysis were searched through keywords that include “Prevalence”, and 
“Dental Fluorosis”. Primarily, three databases were explored: Scopus, Pub Med and Web of Science. Gray 
literature was searched manually through Google scholar rand, research gate. The search was also done by 
looking at the references of relevant studies. The search strategy used for the present study includes MESH 
terms such as dental fluorosis, prevalence, severity, OR/AND prevalence, dental fluorosis, severity, OR/AND 
dental fluorosis, severity, prevalence. 
 
Selection of Studies and Extraction of Data 
The total number of studies found from 1939-2020 using the above stated keywords were 3747.In 
Scopus (n=1101) were identified, PubMed (n=1316) and in Web of Science (n=1325). Manual searching 
resulted in 5 more studies. The Reference Management Software Package (Endnote X9) was used to remove 
duplicated studies and assess titles and abstracts of the remaining studies. The total number of studies after 
duplicated studies removed was 1850. 
Two reviewers evaluated all articles according to “JBI Critical Appraisal Checklist for Studies 
Reporting Prevalence Data”. Data extracted from eligible studies include information on the proportion of 
dental fluorosis reported, sample size, the method used to measure dental fluorosis, year of study and 
region/city where the study was performed, and the authors reported age group. Differences in reporting were 
referred to a third reviewer. Only articles in English that addressed the prevalence of dental fluorosis in Saudi 
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Arabia were included. Studies that were conducted outside Saudi Arabia (n=1821) and studies that had 
irrelevant titles (n=10) were excluded. The remaining 19 studies’ full-text and abstracts were reviewed, the 
articles that did not mention the prevalence of dental fluorosis were excluded. Those four studies were 
excluded due to reporting and detection bias, while one study due to lack of full-text access and two review 
studies were also excluded. Finally, a sample of 12 articles that were selected for meta-analysis that was 
fulfilling the “JBI Critical Appraisal Checklist for Studies Reporting Prevalence Data” and relevant to our 
study objective i.e., to report the prevalence of dental fluorosis in Saudi Arabia (Figure 1). 
 
 
Figure 1. Flow chart for selection of studies. 
 
Quality Appraisal and Data Synthesis 
Two independent reviewers assessed the risk of bias in the included studies using Joanna Briggs 
Institute (JBI) Critical Appraisal Checklist for Prevalence Studies [7]. This checklist included 9 items; it can be 
answered by (Yes), (No), (Unclear) or (Not Applicable). Yes will be scored as (1), both (No) and (Unclear) will 
be scored (0), and (Not Applicable) will exclude the item from the checklist for that study. Studies were 
categorized as follow: 1) High risk of bias if only 40-60% of the checklist questions were answered with (Yes); 
2) Moderate risk of bias if 60-80% of the checklist questions were answered with (Yes); and 3) Low risk of bias 
if 80-100% of the checklist questions were answered with (Yes). 
The most apparent limitation that increased the risk of bias noticed in the included studies was the 
setting details (were the study subjects and the setting described in detail). 
The proportion of dental fluorosis prevalence was calculated with the appropriate 95% confidence 
interval (CI), and MedCalc statistical software was used to perform the meta-analysis. Heterogeneity was 
reported using I2 statistics. High heterogeneity amongst the studies used in this meta-analysis was found 
99.80%, 95 CI (99.78% to 99.83%). In this case random effect model is more appropriate; however, data was 
displayed as a random effect model as well as a fixed-effect model. 
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Results 
This meta-analysis includes data from 12 studies [8-19] from 11 regions of Saudi Arabia (Table 1). 
We did not find any study in remaining two areas of the country. The earliest study included in this analysis 
was conducted during 1997 and the most recent was planned in 2020. Few studies that reported severity of 
dental fluorosis or did not clearly mentioned the prevalence of dental fluorosis were excluded as it was beyond 
the scope of the present meta-analysis. There is more than one index for measuring dental fluorosis; not all the 
included studies have used the same study tool whilst reporting dental fluorosis that can slightly misrepresent 
the overall reported prevalence. A total sample size of 14,573 subjects was included in this study that was 
derived from 12 different studies conducted on prevalence of dental fluorosis in Saudi Arabia. 
 
Table 1. The characteristics of the included studies. 
Authors Year Age Group 
(Years) 
Region Index Sample 
Size (n) 
Prevalence 
of DT (n) 
Akpata et al. [8] 1997 12-15 Hail TFI 2,355 2,135 
Al-Shammery et al. [9] 1997 6-7, 12-13, 15-74 Multiple Regions# DI 7,377 1,815 
Almas et al. [10] 1999 12,15, 35-44, >65 Al-Qaseem DI 800 339 
Al-Banyan et al. [11] 2000 5-12 Riyadh CFI 272 38 
Khan et al. [12] 2001 24-44 Riyadh DI 297 224 
Bhayat et al. [13] 2014 12 Al-Madinah DI 360 0 
Khan et al. [14] 2014 6-12 Dammam DI 496 164 
Alhobeira et al. [15] 2015 10-20, 20-30, 30-40, >40 Hail DI 253 186 
Alanazi et al. [16] 2017 7-15 Riyadh NIM 157 39 
Elsherbini et al. [17] 2018 6-12 Al-Qassim DI 1,292 832 
Elfaki et al. [18] 2018 6-12 Najran DI 288 172 
Haridi et al. [19] 2020 7-12 Hail DI 626 484 
#Eastern Province, Al-Qassim, Hail, Tabouk, Najran, Al Baha, Gizan, Makkah, Al-Madinah and Asir; DF: Dental Fluorosis; DI: Dean 
Index; NIM: No Index Mentioned; TFI: Thylstrup-Fejerskov Index; CFI: The Community Fluorosis Index. 
 
The selected studies were classified according to regions (Figure 2). There were three studies, each 
from Riyadh and Hail regions constituted (25%) of included studies. Two studies were from Al- Qassim (17%). 
One study was found in each of the following three regions, Dammam (8%), Al-Madinah (8%) and Najran (8%). 
One study was conducted including 10 regions: Eastern Province, Qassim, Hail, Tabouk, Najran, Al Baha, 
Gizan, Makkah, AlMadinah and Asir. 
 
 
Figure 2. The distribution of studies reporting prevalence of dental fluorosis region-wise in Saudi 
Arabia. 
25%	
25%	
17%	
8%	
8%	
8%	
8%	
Riyadh Hail Al- Qassim Dammam 
Al-Madinah Najran Multiple Regions 
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Summary statistics in terms of proportion at 95 % CI can be seen in Table 2. The estimated prevalence 
of dental fluorosis in terms of proportion (random effect model) was found to be 46.52% (95% CI: 26.52-67.12). 
Interestingly, one study has reported 0% dental fluorosis, which may influence the overall reported proportion. 
Cochran’s Q value alongside p-value is reported in Table 1, indicating high heterogeneity, as shown in I2 value 
99.80 (95% CI: 99.78 to 99.83) (Table 2). 
 
Table 2. Summary of studies and variables included after inclusive criteria year-wise (chronological 
pattern) and reported prevalence of dental fluorosis in Saudi Arabia. 
Studies Sample Size Proportion (%) 95% CI Weight (%) 
Fixed Random 
Akpata et al. [8] 2355 90.658 89.410 to 91.804 16.15 8.36 
Al-Shammery et al. [9] 7377 24.603 23.624 to 25.603 50.59 8.37 
Almas et al. [10] 800 42.375 38.922 to 45.885 5.49 8.35 
Al-Banyan et al. [11] 297 75.421 70.116 to 80.211 2.04 8.32 
Khan et al. [12] 272 13.971 10.080 to 18.668 1.87 8.32 
Bhayat et al. [13] 360 0.000 0.000 to 1.019 2.48 8.33 
Khan et al. [14] 496 33.065 28.935 to 37.397 3.41 8.34 
Alhobeira et al. [15] 253 73.518 67.627 to 78.848 1.74 8.31 
Alanazi et al. [16] 157 24.841 18.299 to 32.357 1.08 8.28 
Elsherbini et al. [17] 1292 64.396 61.716 to 67.011 8.87 8.36 
Elfaki et al. [18] 288 59.722 53.808 to 65.434 1.98 8.32 
Haridi et al. [19] 626 77.316 73.831 to 80.541 4.30 8.35 
Total (Fixed Effects) 14573 43.981 43.173 to 44.791 100.00 100.00 
Total (Random Effects) 14573 46.523 26.522 to 67.127 100.00 100.00 
Q Statistics = 5605.53; DF 11, I2 (Inconsistency) = 99.80% (99.78 to 99.83 at 95%); p<0.00. 
 
Forest played showing the proportion prevalence of dental fluorosis of each study. It can be seen that 
the highest prevalence was reported by a study by Akpata et al. [8], whereas the lowest was reported by 
Bhayat et al. [13]. As I2 value was found to be more than 75, which indicates the presence of high 
heterogeneity, hence random effects model is suggested to use. However mean proportion from both models, 
random and fixed, is displayed in Figure 3. 
 
 
Figure 3. Study dispersion and possible publication bias. 
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Visual inspection of funnel plot indicates that it’s asymmetrical, which can be due to the possibility of 
substantial publication bias, presence of poor methodological design (Figure 4). 
 
 
Figure 4. Funnel plot-showing prevalence of dental fluorosis as proportion from 1997-2020. 
 
Approximately half (50%) of the studies either did not mention the setting at all, or they only 
mentioned it briefly and without enough details. Most of the studies had overall good quality. Out of the 
twelve studies that have been included, eight were considered to have a low risk of bias and three studies with a 
moderate risk of bias. Only one study that had a high risk of bias; in this study, the sample size was inadequate, 
and the authors did not mention what methodology they have used for scoring fluorosis (Figures 5 and 6). 
 
 
Figure 5. Items of JBI Critical Appraisal Checklist of included studies. 
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Figure 6. Risk of bias assessment scores of included studies 
 
Discussion 
The present study aimed to provide an estimate of prevalence of dental fluorosis in Saudi Arabia in 
terms of proportion. The present meta-analysis includes all the studies that were conducted in Saudi Arabia 
that have reported prevalence of dental fluorosis, without considering age, gender, or presence of high level of 
fluoride in drinking water. In this study, a total sample of 14573 subjects was considered from 12 different 
studies and overall prevalence of dental fluorosis was 46.52%, 95 CI (26.52% to 67.12%). I2 value was reported 
99.80 %, 95 CI (99.78% to 99.83%). Visual inspection of funnel plot indicates that it’s asymmetrical, which can 
be due to the possibility of substantial publication bias, presence of poor methodological design. However, a 
visual inspection can be used to provide a very subjective picture. Another probable reason for asymmetry is 
the presence of studies with a smaller sample size. Other probable reasons for bias may involve the language 
bias, reporting of studies available in English language only, and citation bias where studies with more positive 
outcomes are cited more and can be easily identified in databases. Besides that, a bias can be evolved because of 
selected reporting of favorable results by authors (Figure 4). 
These findings are in line with a study conducted in South Africa that reported 47% [20], and a study 
from Ethiopia reported 45.3% of dental fluorosis [21]. The findings of present study differ from a study 
conducted in 2007 on German schoolchildren [22] and a study from India reported 11.3% and 4% prevalence 
of dental fluorosis [23]. 
Three studies were included from Riyadh city [11,12,16]. Khan at al. conducted a study among 
participants aged 30 to above 40 years with a sample size of 297 participants and reported a very mild to 
moderate dental fluorosis among them, and the overall prevalence was 75% [12]. Al-Banyan et al. conducted a 
study among children aged 5-12 years among 272 participants and mild dental fluorosis was reported, but an 
overall prevalence of 14% was reported by them [11]. Alanazi at al. conducted among 7 to 15 years of age 
children (n=157) and reported an overall 25% dental fluorosis among the participants [16]. The findings from 
all the three studies in Riyadh were different from each other in reporting the prevalence of dental fluorosis 
even in the same city. Thus, this difference indicates the need of this meta-analysis to answer or make an 
estimate of dental fluorosis in Saudi Arabia. 
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There were three studies conducted in Hail [8,15,19]. Akpatta et al. included 12 to 15 years of age 
children (n=2355) and reported 91% of overall prevalence of dental fluorosis constituted the highest reported 
prevalence among any city of Saudi Arabia [8]. Another study conducted by Alhobeira et al. included 253 
participants and reported mild to moderate fluorosis with 73.5% of overall prevalence [15]. The most recent 
study conducted by Haridi et al. reported the overall prevalence of 77.32% dental fluorosis with a sample size 
of 626 participants [19]. Two studies were almost in line with the study conducted by Khan et al. in Riyadh 
[12]. Dental fluorosis was found to be abundant in Hail region, probably because of a high fluoride 
concentration in the drinking water. However, findings from the aforementioned studies conducted in Hail 
region reported a very high prevalence (91%, 73.5%, and 77.32%), which is contrasting with the prevalence 
reported from this meta-analysis (46.52%). The variation in prevalence of dental fluorosis could be because of 
various reasons, that include but not limited to exposure to well water, which contains a high level of fluoride, 
as mentioned by a study reported from Hail region [15]. Other probable reasons may be related to weather, 
altitude of the area from where sample was collected, exposure to an artificial source of fluoride at an early 
stage or could be because of availability of high level of fluoride in infant milk prescribed by the physicians [6]. 
Based on a single study conducted in Al Qassim province reported 42.37% overall prevalence among 
600 participants of aged 12-65 years. The study reported a 24-67% prevalence of dental fluorosis among age 
groups of 12-15, 34-45 and above 65 years. Sixty-seven (67%) of respondents between 34-45 years had severe 
dental fluorosis [10]. These findings are very much in line with the result of this meta-analysis. Likewise, a 
single study conducted in Al Madinah reported a 0% prevalence of dental fluorosis among 360 participants 
[13]. This is the only study that did not report any prevalence of dental fluorosis in Saudi Arabia. According 
to the author, the possible reason for this might be the drinking of bottled water by the sampled population. In 
contrast, the study from Hail had reported mild to moderate dental fluorosis while primarily drinking bottled 
water among respondents. These contradicting findings are directing to explore the prevalence of dental 
fluorosis in Saudi population in relation to the use of formula milk during infancy as the presence of fluoride in 
formula milk can be a potential risk of dental caries [24,25]. 
A single study conducted in Dammam included 496 participants reported a 33.1% prevalence of dental 
fluorosis [14]. Another study conducted in Najran on 288 participants reported a 59.72% prevalence of dental 
fluorosis [18]. Whilst the survey conducted in Al Raas on 1292 participants reported a 64.1% prevalence of 
dental fluorosis [17]. The findings from the above-mentioned studies are within the 95CI of the present meta-
analysis. 
Previous authors conducted a population-based study that included more than 7000 participants from 
large cities of all regions of Saudi Arabia [9]. The overall prevalence of dental fluorosis was 24.6%, but the 
region based prevalence was not reported that can contribute to respondent bias in the study. In their research, 
they also found the variation of dental fluorosis in numerous age groups. The highest prevalence, 38%, was in 
20-29 years, while the lowest prevalence, 8%, was in children aged 5-6 years. The high prevalence of dental 
fluorosis is highlighted to measure the fluoride concentration in the drinking water.  Moreover, a significant 
difference was established among the respondents of urban and rural areas that are further directing to explore 
the underlying risk factors. 
We did not account for severity of dental fluorosis. All the available data was analyzed to measure 
dental fluorosis prevalence without considering the sample size and sampling technique. We did not find any 
studies from 2 regions of Saudi Arabia. Most of the data was reported from urban regions of the country. The 
real picture can be a bit different then what is reported in this meta-analysis. 
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Conclusion 
The present study adds to the literature regarding dental fluorosis in Saudi Arabia by providing an 
overview of its prevalence. It is concluded that the prevalence of dental fluorosis was a bit high. Only one study 
was found to be inconsistent with overall reported proportion, while three were within the 95 %CI range of 
reported prevalence. However, findings indicate publication bias. 
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